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ABSTRACT. The amylase activity of the digestive tract of three carnivorous fish 
species (Sparus aurata, Scophtalmus maximus and Sebastes mentella) has been studied. 
The activity of seabream and turbot showed its maximum at neutral pH (7.0-7.5); 
meanwhile, the activity of redfish had an optimum pH at 4.5-5.0. The tº function ranged 
between 35 and 45°C for the three species. The Arrhenius plots of the intestinal 
activities of seabream and turbot showed breakpoints at temperatures close to those of 
their physiological activities. High saline concentrations inhibited the activity of 
seabream and turbot and activated the activity of redfish. Seabream activity was 
absolutely dependent on calcium ions. On the contrary, redfish activity was only 
detected in the absence of this metal. Studies carried out by using several effecters 
suggested that the activities found in these three species are different. Considering our 
results from a point of view of the environmental conditions of these species, it might 
be concluded that enzymatic digestion of dietary carbohydrates proceeds at very low 
rate. Physiological implications are discussed.  
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INTRODUCTION 
 
Because of the fact that fish do not mobilize liver glycogen during starvation and no 
nutritional requirements have been described for carbohydrates, these do not seem to be 
nutritionally important for fish (1). Contrary to what happens in other high vertebrates, 
fishes fulfill their fuel requirements from protein, fat and sugar. Nevertheless, enzymatic 
digestion of carbohydrates (starch) has been detected in the gut of all species so far 
studied. Enzymatic hydrolysis of starch is started by the action of amylase activity. 
There are two major types of this enzyme: α and β. Type β is found in vegetals and type 
α is found in animals (2). 
 
Amylase levels are affected by the filling degree of the gut (3,4) and the nutritional 
condition of the animal. Higher levels are detected when the fish is not starved (2,5). 
Also, herbivorous and omnivorous species have been reported to have more amylase 
activity than carnivorous species (2,6,7). Higher enzymatic levels have also been 
reported for younger than adults in the same species (5,8). 
 
As in mammals, amylase is produced in the pancreas and, when required, secreted into 
the gut (2,6,9) where the enzyme is mainly adsorbed onto the mucosa of the intestine 
and the pyloric ceca (if present) (5,8,10). Some authors have not found amylase activity 
in stomach homogenates (7,11,12) and proposed that gastric amylase activity might be 
due to exogenous contamination whether from the intestinal contents (by regurgitation) 
or from the ingested food. 
 
The importance of gaining knowledge about amylase activity in fish species has been 
indicated by Buddington and Doroshow (13). These authors concluded that the low 
amylase levels in white sturgeon are responsible for the scarce potential of this species 
to exploit diets with high carbohydrate contents. Despite this, there is a lack of 
information about the characterization of amylase activity in fishes. No attempt has 
been made to know what type of amylase is present in different species. On the other 
hand, comparison of information about enzymes in fishes (amylase is not an exception) 
is hampered by the use of heterogeneous substrates and methods of measurement (3,12). 
 
This article, which forms part of a series devoted to enzymatic digestion in fishes and 
overcoming that problem, deals with the characterization of amylase activity in three 
carnivorous marine fish species: redfish (Sebastes mentella), seabream (Sparus aurata) 
and turbot (Scophthalmus maximus). In this work, activities detected in stomach and 
intestine have been studied separately. 
 
MATERIALS AND METHODS 
 
Experimental Fish 
 
Redfish (S. mentella) adults were obtained during the EU (European Union) stratified 
bottom trawl survey on Flemish Cap Bank (NAFO Northwest Atlantic Fisheries 
Organization Div. 3M) at East of Newfoundland. Fish were sampled in summer from 
the same area, the East of Flemish Cap (Strata 14 and 15), at depths ranging between 
420 and 480 m. Only fishes caught in summer were used in this study to avoid changes 
specimens, identified as S. mentella with the passage of the extrinsic gassbladder 
musculature between different ventral ribs (15,16), were frozen onboard at -30°C for 
further studies in the laboratory. 
 
Turbot (S. maximus) and seabream (S. aurata) adults were purchased from a 
‘commercial fish farm of the Northwest of Spain (Cultivos de Peces, S. A., O Grove, 
Pontevedra). The fishes were kept in running seawater (≈15-18°C) and fed ad libitum 
on semimoist diets. The specimens used for this study were obtained in October 
 
Fish were harvested by the fish farm staff, killed by a blow to the head and kept in the 
freezer until dissection of the gastrointestinal tract (usually done within 3 hr and never 
at temperatures above OºC). 
 
Data concerning number, size, weight of fish and food compositions are given in Table 
1. The sizes of the tanks where turbot and seabream were ongrown are also provided. 
 
Preparation of Homogenates 
 
All procedures were conducted in the cold (0-4ºC), unless otherwise stated. Fishes were 
individually measured and weighed, and the whole gut was dissected. Guts were 
longitudinally cut open and contents removed by scraping with a plastic slide. Then, 
after discarding the pyloric ceca, the stomachs and the intestines were sliced into small 
pieces, washed in distilled water, centrifuged at 2000 rpm for 5 min and frozen at -18°C 
until use. Stomachs of the same species were put together before freezing, and the same 
was done for the intestines. 
 
Tissues were thawed by stirring them with Tris-HCl 0.02 M buffer, pH 8.2 (1:4, wet 
weight: volume) for half an hour at room temperature. The suspensions were 
homogenized using an Ultraturrax at 25,000 rpm for 2 x 1-min pulses, and the extracts 
were cleared by centrifuging at 14,000 rpm for 60 min, dialyzed overnight against -150 
volumes of buffer and then re-centrifuged at 14,000 rpm and the supernatants 
used immediately or stored deep frozen (-77°C) in small aliquots (0.2 ml) until needed. 
These fractions were used for amylolytic activity and protein content measurements. 
 
Enzyme Activity 
 
Total amylase activity was measured using soluble starch as substrate as described in 
Munilla-Moran and Stark (17). A typical assay was performed as follows: 0.125 ml of 
appropriate buffer, 0.125 ml of soluble starch (2% in distilled water) and 0.05 ml of 
enzymatic extract were mixed and incubated for 1 hr under the specific conditions of the 
experiment (pH, temperature and so on). The reaction was stopped by adding 0.25 ml of 
the first reagent of Somogy-Nelson (18). Controls were made in the same way, but the 
enzymatic extracts were added at the end of the incubation period. Reducing sugars 
were determined using the Somogy-Nelson method (18), using maltose as standard. One 
unit of activity was defined as the amount of enzyme that liberates 1 µg of maltose/hr. 
Enzymatic extracts were diluted if required. Results are the mean of three independent 
experiments. 
 
The effect of pH on the hydrolysis of starch was tested with the following 0.1 M 
buffers: glycine-HCl (pH 1.0-2.5), phosphate-citrate (pH 2.5-8.0), Tris-HCl (8.0-10.5) 
and glycine-NaOH (pH 10.5-12.0). The effect of temperature was measured at the 
optimal pH found for the respective segment. The study of NaCl concentration on the 
total amylase activity was carried out by using the buffers with adequate concentrations 
of the salt. Effecters were left to react with the enzymes for 30 min at room temperature 
before adding the enzymatic extract to the reaction mixture. When studying the effect of 
these compounds, the optical readings were corrected according the absorbance at 600 
nm due to the compound. Soluble protein content of the homogenates were determined 
by the method of Miller (19), using bovine serum albumin as standard. 
 
All chemicals used in this study were reagent grade and obtained from Sigma (St. 
Louis, MO, USA) unless otherwise stated. 
 
RESULTS 
 
Effect of pH 
 
To determine optimum pH values for the amylase activity, a pH range between 2 and 12 
was investigated by using the following 0. 1M buffers: glycine-HCl (pH 2-2.5), 
phosphatecitrate (pH 2.5-8), Tris-HCl (pH 8-10.5) and glycine-NaOH (pH 10-12). The 
results are shown in Fig. 1, A and B. In redfish, the maximum activity was found in the 
acid range (pH 4.5-5) for both sites, the stomach and intestine. However, other peaks of 
activity appeared in the slightly alkaline zone. This second peak was higher in the 
stomach than in the intestine. Turbot also showed to have an amylase activity with two 
peaks, although the most pronounced peak was found at pH 7. Similarly to the findings 
in redfish, this secondary peak of activity was more pronounced in the stomach (pH 5.5) 
compared with the intestine (pH 4.5). Seabream only showed one pH optimum both in 
stomach and intestine (pH 7-7.5). In no case was starch hydrolysis at pH values below 5 
measured in this species. 
 
Effect of Temperature 
 
The highest starch hydrolysis activity was recorded at 35, 40 and 45°C in stomach from 
redfish, seabream and turbot, respectively (Fig. 2A). Very low activities were measured 
at low temperatures (-5°C). Intestinal extracts (Fig. 2B) of redfish had the highest 
activity at 40°C and turbot showed a maximum of activity at 45°C. Seabream intestinal 
optimum activity was found between these two temperatures. Redfish retained more 
activity at low temperatures than seabream and turbot. In all cases, a sharp decrease of 
the activity was observed above optimal temperature. 
 
Data were linearized by using Arrhenius plot. However, the results of the intestinal 
activities of seabream and turbot could not be linearized by one single straight line. The 
point at which both lines cross is named “breakpoint” (10). The extrapolation of this 
breakpoint on the abscissa axis gives us the “breakpoint temperature.” Breakpoint 
temperatures, energy of activation (Ea) and Q10 values are summarized in Table 2. The 
breaks on the Arrhenius plots were at 19.9 and 23.6ºC for seabream and turbot, 
respectively. Ea values ranged between 2.40 and 19.13 kcal/mol. In seabream and turbot 
intestine, higher Ea values were calculated for temperatures below the breakpoint. 
 
Effect of Salt Concentration 
 
The three species used in this work are marine organisms. In consequence, salt 
concentration in the digestive tract increases with ingestion of food. To test the effect of 
salt concentration on the ability to digest starch, the assays were carried out under 
different NaCl concentrations ranging from 0 (considered as controls) to 0.5 M. The 
results obtained for stomach activity are shown in Fig. 3A and those for intestine in Fig. 
3B. 
 
In redfish, the amylase activity was enhanced by NaCl (throughout all the range tested). 
This effect was higher in stomach than intestine. In turbot, low NaCl concentrations 
increased the amylase activity but high salt concentrations inhibited. In seabream, the 
activity was strongly depressed by salt. However, a small increase was detected with 
low NaCl levels in the stomach. 
 
Effectors 
 
To identify the kind of amylase present in each species, the effect of several compounds 
on amylase activity was measured in the presence and absence of 10 mM calcium 
chloride (final concentration). The results are shown in Table 3. 
 
In seabream, no activity could be detected when calcium ions were removed from the 
assay mixture. Magnesium ions were not able to replace calcium, although a 1 kw 
activity could be measured with copper. A great deal of the activity remained even after 
incubation with urea or p-hydroxymer-curibenzoate (PCMB). Iodoacetamide fully 
inhibited the activity. 
 
Turbot enzyme(s) can act without calcium but at lower rates. Gastric activity was most 
affected by lack of calcium ions. Only a small difference in sensitivity towards PCMB 
was detected between assays with or without calcium. On the other hand, calcium had a 
stronger influence on the intestinal activity. When present, the activity was more 
resistant toward urea and iodoacetamide (IAA). 
 
Redfish activity was measured at pH 4.8. In this species, the opposite situation to that of 
seabream was found, resulting in maximal activity when calcium was removed from the 
assay mixture. Only in stomach extracts was some significant activity determined with 
urea present (Table 3). 
 
DISCUSSION 
 
Extracts prepared from tissues of stomachs and intestines of three carnivorous marine 
fish species (redfish, seabream and turbot) showed to have the ability to digest starch. 
This activity was present throughout the gut (including the pyloric ceca; data not 
shown). Therefore, the ability to hydrolyze carbohydrates (regardless of their feeding 
habits) in these species is established. 
 
Cavital pH affects enzymatic activity. Intestinal pH values recorded in fish are in the 
neutral alkaline range (2,9). On the other hand, HCl secretion into the stomach lumen 
seems to be restricted only for those species having a functional stomach (2,20). The 
amount of secreted acid depends on the nutritional condition of the animal. In this work, 
no fasting conditions were applied, and, in most cases, bolus had to be discarded before 
preparing the extracts. This suggests that an acid pH should operate in the gastric 
chamber. On the contrary, alkaline conditions would prevail in the intestine. The pH 
value differently affected the amylase activity of the three species (Fig. 1). Some 
differences could even be detected between segments within the same species. This 
suggests that carbohydrate digestion in fishes might be more sophisticated than 
previously expected. 
 
According to pH dependence, the activity of seabream and turbot seems to be more 
similar to that reported for other fishes. Optimal pH values between 7.0 and 8.5 have 
been extensively reported (2,3,6,9,12,13,22-28). However, it should be mentioned that 
the clear peak in the acid range in turbot stomach would mean that this species is able to 
start carbohydrate digestion sooner than seabream. On the contrary, redfish had the 
maximal activity in the acid range both in the stomach and in the intestine. This 
indicates that carbohydrate digestion starts in the stomach in this species. In short it 
seems that in seabream, sugar hydrolysis exclusively takes place in the intestine; this is 
mainly done in the stomach for redfish. In turbot, it might be started in the stomach and 
finished in the intestine. 
 
Amylase activity was strongly dependent on temperature. A general pattern was found 
for the activities of the three species regarding the optimal temperature (to function). 
The optimal temperatures of α-amylase activity reported for other fish species range 
from 25 to 55°C (12,23,29,30). Nevertheless, it should be borne in mind that these 
values are not physiological at all. Most of the fish species cited above would not 
survive at such a high temperatures. Also, protein (and hence enzyme) degradation 
starts at ~40°C. 
 
However, more information can be gained by studying the tº function of this activity in 
these species. The intestinal α-amylase activities of seabream and turbot showed a 
breakpoint in their Arrhenius plots. A biphasic plot has also been found for a-amylase 
and other digestive enzymes in fish guts (10,29,31,32) and other marine organisms (33). 
According to Ugolev’s group hypothesis, the more efficient activities (lower Ea values) 
(Table 2) in these species’ intestines are in the temperature range of their physiological 
activity. On the other hand, small increments in temperature would produce a little 
enhancement of activity. Bearing in mind that the activity in this temperature range is 
reduced (below 25% of the maximal), it might be concluded that the ability to hydrolyze 
starch is reduced in these two species. The α-amylase activity detected in the stomach of 
turbot and seabream can be neglected because it is unlikely to proceed under a strongly 
acid environment (Fig. 1). 
 
At physiological (low) temperatures (34), higher activities were detected in redfish 
intestinal homogenates (Fig. 2). Nevertheless, as this activity has an acid pH optimum, 
it should hydrolyze starch at very low rates in the intestine, resulting again in a very 
limited capability to digest carbohydrates in this species. Although dairy vertical 
migrations for taking food has been described for redfish (35), no effect on starch 
digestion should be expected because water temperature variations are very limited in 
these migrations. 
 
Despite this, the conclusion that these marine species are unable to use efficiently 
dietary carbohydrates should not be withdrawn. At low temperatures (under 
physiological conditions), the food is evacuated from the gut very slowly (2,20,26,36-
40), thus increasing the time during which amylase is digesting carbohydrates. 
 
There are several classes of amylase (2,41-44). Animal α-amylases are chloride ions 
dependent (being activated at low NaCl concentrations and inhibited at high 
concentrations), whereas vegetal β-amylases are not. Bacterial α-amylases and 
lysosomal y-amylases have an acid optimum pH and are chloride independent. It should 
again be borne in mind that as the species studied in this work are marine species, food 
digestion must proceed under high saline (chloride) concentrations. 
 
According to the response of the activities studied here toward increasing salt 
concentrations, it might be concluded that α-endoamylases are present in the gut of 
seabream and turbot but not in redfish, where both activities were increased all along 
the NaCl concentration range tested. An activatory effect of low NaCl concentrations 
for intestinal amylases of other fish species has been previously reported (9,23,26). 
 
Inhibitors are very useful to discern among different types of amylases (45). On the 
other hand, as calcium has been described as essential for a-amylases stability (24,42-
44), the effect of several inhibitors has been studied in the presence and absence of this 
metal. 
 
The fact that no amylase activity could be detected in seabream homogenates when 
calcium was removed strongly suggests that an α-type enzyme is present in this species. 
Because the activities of both stomach and intestine had similar responses against 
several effecters, this suggests that the same α-amylase activity is present in both 
segments. The main difference between seabream amylase and that reported in other 
vertebrates is that in fish amylase calcium cannot be replaced with magnesium. 
 
Similarly, turbot activity was maximal with calcium ions and is also likely to be of the 
α-amylase class. However, the amylase activities from stomach and intestine showed 
differences, indicating that they are different proteins. The intestinal one appeared to be 
more dependent on calcium ions than the one of the stomach. In fact, the absence of this 
metal leads the intestinal enzyme to be more sensitive toward the effecters tested. 
 
On the contrary, redfish amylase activity is likely to be of the β-type as the maximal 
activity was detected if calcium was removed from the assay mixture. This β-amylase 
seems to be the same both in stomach and intestine. 
 
The characteristics of the activities found in these three carnivorous marine fish species 
suggest that enzymatic digestion of dietary carbohydrates is not very important. These 
enzymes do not seem to be very well suited to work under the environmental conditions 
expected in the fish gut (high saline concentrations, close to 0.5 M; low temperatures, 
between 5 and 20°C and, in the stomach, acid pH values, below c.a. pH 4.0). 
 
Therefore, it might be concluded that carbohydrate digestion proceeds at low rates in 
these carnivorous fish species. A slow production of monosaccharides in the gut lumen 
would avoid their accumulation and hence product inhibition of the enzyme (46,47) will 
be reduced. As a consequence, “an excess luminal osmotic action” due to uncontrolled 
production of monosaccharides would be obviated (47). 
 
Monosaccharides also inhibit the amino acid transport in the intestine and vice versa 
(48,49). In fact, assimilation rates of glucose are lower in carnivorous fishes than in 
herbivorous (48,50), whereas assimilation of amino acids is higher in carnivorous 
species. A low carbohydrate digestion (as seems to be the case in these three species) 
would produce low free monosaccharide concentrations in the gut lumen, thus favoring 
protein/amino acid utilization by these carnivorous species. 
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TABLE 1. Number of fish, morphometric measurements and rearing conditions of the 
species studied in this work 
Species Number 
of fish 
Size 
range 
(cm) 
Weight 
range (g)
Tank 
(M3) 
Diet Organic 
matter 
(%) 
P:L:C:H*
Redfish  18 22.0-
40.0 
320-810 Wild Natural - - 
Seabream  5 18.0-
22.5 
76-196 2.7 Semimoist 83.93 ± 
1.14 
2:2:0.1 
Turbot  6 26.5-
32.0 
401-585 20.0 Semimoist 83.93 ± 
1.14 
2:2:0.1 
*Protein: lipid: carbohydrate ratio in the food. 
 
TABLE 2. Some characteristics of the temperature dependence of amylase activity from 
redfish, seabream and turbot 
Segment Species Breakpoint at (ºC) Ea (kcal/mol)* Q10† 
Stomach Seabream No   11.71 2.09 
 Turbot  No 7.77 3.05 
 Redfish  No 16.41 4.25 
Intestine Seabream 19.9  2.40/19.13 1.93/1.29 
 Turbot  23.6 7.22/16.57 1.83/1.29 
 Redfish  No 7.92 1.87 
*Ea values above breakpoint on the left and E, values below breakpoint on the right. 
†Q10 values above breakpoint on the left and Q10 values below breakpoint on the right. 
 
TABLE 3. Effect of several compounds on the amylase activity from the 
gastrointestinal tract of redfish, seabream and turbot 
  Without calcium With calcium 
Inhibitor [I] 
(mM) 
Seabream Turbot Redfish Seabream Turbot Redfish 
    Stomach    
None - n.d. 100.0 8.6 ± 3.5 100.0 100.0 n.d. 
MgCl2 10 n.d. 80.1 ± n.d. n.d. 86.1 ± 34.0 ± 
1.1 3.0 2.9 
CuSO4 10 n.d. 3.0 ± 
1.2 
n.d. 29.3 ± 
5.3 
3.3 ± 
1.8 
n.d. 
EDTA 5 n.d. 99.8 ± 
3.0 
100.0 n.d. 96.2 ± 
1.7 
100.0 
Urea 100 n.d. 80.2 ± 
0.6 
46.5 ± 
3.8 
87.8 ± 
4.8 
67.9 ± 
1.7 
6.8 ± 0.7 
PCMB 0.5 n.d. 8.6 ± 
2.1 
2.2 ± 1.5 79.9 ± 
2.7 
36.1 ± 
2.8 
6.6 ± 3.8 
IAA 5 n.d. n.d. 12.0 ± 
1.2 
n.d. 2.2 ± 
1.7 
n.d. 
    Intestine    
None - n.d. 100.0 13.4 ± 
0.0 
100.0 100.0 16.8 ± 
0.8 
MgCl2 10 n.d. 47.6 ± 
1.9 
1.3 ± 1.9 6.3 ± 2.0 76.7 ± 
1.5 
4.2 ± 1.7 
CuSO4 10 n.d. 3.8 ± 
0.7 
n.d. n.d. 0.5 ± 
0.3 
n.d. 
EDTA 5 n.d. 15.2 ± 
0.7 
100.0 n.d. 15.1 ± 
1.8 
100.0 
Urea 100 n.d. 3.9 ± 
1.6 
n.d. 75.5 ± 
3.0 
88.1 ± 
2.9 
0.5 ± 1.1 
PCMB 0.5 n.d. 6.4 ± 
0.9 
n.d. 75.0 ± 
6.9 
n.d. 8.3 ± 1.7 
IAA 5 n.d. n.d. n.d. 6.1 ± 5.2 75.8 ± 
2.9 
6.9 ± 2.5 
The results are shown as percentages. (Note that this study was independently 
performed in the presence and absence of calcium ions.) n.d., not detectable. With 
calcium = 10mM of Cl2Ca in the assay mixture. Note: 100% of activity does not 
necessarily mean the same specific activity. 
 
FIG. 1. The effect of pH on the relative amylase activity from stomach (A) and intestine 
(B) of redfish (O), seabream (□) and turbot (∆). 
 
FIG. 2. The effect of temperature on the relative amylase activity from stomach (A) and 
intestine (B) of redfish (O), seabream (□) and turbot (∆). 
 
FIG. 3. The effect of NaCl concentration on the relative amylase activity from stomach 
(A) and intestine (B) of redfish (O), seabream (□) and turbot (∆). 
